I . Fifteen normal premenopausal women followed a low-fat diet for a period of 2 months. 2. Daily fat intake was reduced from 81 g on their customary diet to 36 g on the low-fat diet. A significant reduction in total energy intake and an increase in the dietary polyunsaturated fat: saturated fat ratio was also observed. There was a significant decline in body-weight, percentage body fat and total serum cholesterol, but no significant change in high-density-lipoprotein-cholesterol.
Epidemiological evidence points to a relation between dietary fat intake and the incidence of, and mortality from, breast cancer in different populations (Lea, 1966; Carroll, 1975; Gray et al. 1979) . Feeding studies in animals support such a relation and suggest that not only the amount, but also the type, of fat given may be important (Carroll & Khor, 1970; Karmali et al. 1984) . The mechanisms underlying the relation between dietary fat and breast carcinogenesis are as yet unclear, but recognition of prolactin and oestrogens as strong risk factors in this disease (Moore et al. 1983 ) has led to the suggestion that dietaryfat-induced alterations in the secretion or metabolism of these hormones, or both, may provide the link between fat intake and propensity towards breast carcinogenesis. Despite this, few studies have been carried out to investigate the effect of alterations in fat intakes on circulating concentrations of oestrogens and prolactin in normal women. Most evidence for modulatory effects of dietary fat on oestrogen and prolactin concentrations are derived from comparative studies of vegetarian and non-vegetarian women (Armstrong et A number of feeding studies in mammary-tumour-bearing animals have shown that alteration in the fatty acid composition of the diet results in marked differences in tumour number and tumour load, and that these differences are associated with significant alteration in tumour membrane phospholipid-fatty acid composition and eicosanoid formation (Rao & Abraham, 1976; Karmali et ul. 1984) . These studies lend support to the 652
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idea that effects of dietary fat on breast cancer are direct, acting via alteration in membrane phospholipid-fatty acid composition and membrane function. We have recently proposed that dietary-induced alterations in mammary membrane inositol-phospholipids may be of particular interest (Williams & Dickerson, 1987) , since this phospholipid has not only been shown to mediate the actions of prolactin on mammary cells (Rillema, 1984) , but has also been implicated in the mechanisms which determine abnormal cell division and cell proliferation (Michell, 1984; Nishizuka, 1984) . In this way inositol-phospholipids could act as a common locus mediating both direct (membrane), and indirect (hormonal), effects of dietary fat on breast carcinogenesis.
Very few studies have been undertaken to investigate the effect of dietary fat on membrane inositol-phospholipids, although it is generally held that this phospholipid is relatively unresponsive to changes in dietary fat intake. In the present study we have investigated the effect of a low-fat diet on erythrocyte phospholipid composition and on the fatty acid compositions of the choline and inositol fractions in normal, premenopausal women. In addition, measurements of luteal-phase plasma oestradiol and prolactin have been made in subjects on their customary diet and 2 months following a low-fat diet.
S U B J E C T S A N D M E T H O D S
Fifteen female subjects aged between 18 and 45 years agreed to follow a low-fat diet for a period of 2 months. All were healthy premenopausal women with regular menstrual cycles, recruited as volunteers from the University of Surrey staff and student population. The study protocol had received consent from the University Ethical Committee. Subjects were selected from a group of volunteers who had completed a questionnaire on menstrual, reproductive and medical history, use of medications and dietary supplements. Subjects were excluded if they were taking oral contraceptives or other hormone preparations, or if they had ceased taking such preparations within the preceding 3 months. Subjects were also excluded if they regularly used dietary supplements containing w6-or o3-fatty acids. Other exclusion criteria were an ideal body-weight < 95 % > 120 %, or a history of any of the following diseases: diabetes, arthritis, cancer, heart disease, hypertension, alcoholism, thyroid disorders.
The purpose of the study was explained to all volunteers and their consent to participate in the study obtained. A dietary history was taken to ensure that none of the subjects were already following a low-fat diet. All subjects kept records of their menstrual patterns for 2 months before starting the low-fat diet; during this time each subject completed a 7 d weighed inventory of all food eaten. Detailed instructions for the low-fat diet were not provided until the end of this 2-month period to preclude pre-emptive adjustment of the subjects' usual diets before obtaining the baseline blood sample. Blood samples (10 ml) were obtained between 08.30 and 09.30 hours after an overnight fast, on a suitable day between days 21 and 26 of the subject's menstrual cycle. Blood samples were collected into heparinized tubes, centrifuged at 3000 g for 10 min and plasma and erythrocytes (RBC) separated. Plasma was stored at -20" for the later analysis of hormone and lipoprotein concentrations. RBC were washed three times in saline (9 g sodium chloride/l), lipids extracted, phospholipids separated and analysed, and the choline and inositol fractions analysed for their fatty acid compositions as indicated later (see p. 653). Subjects were weighed in indoor clothes without shoes ; skinfold thickness measurements were determined at four sites (biceps, triceps, subscapula and suprailiac) using a Holtain skinfold caliper. Percentage body fat was calculated using the equation of Durnin & Rahaman (1 967).
Instructions for the low-fat diet were provided at individual interviews, Subjects were asked to consume between 30 and 40 g fat/d and were provided with values for the average fat contents of a wide range of commonly eaten foods. Advice was given on the use of cooking methods, choice of foods in restaurants and other locations outside the home, and on the purchase of special low-fat products. Subjects were seen at weekly intervals and compliance to the diet ascertained by 24 h dietary-recall interviews. Subjects were weighed and skinfold thickness measurements carried out weekly. During the second month of the low-fat diet, subjects carried out a further 7 d weighed inventory of all food eaten. A second blood sample was taken on a day between days 21 and 26 of the subject's menstrual cycle and samples treated as outlined previously.
Plasma prolactin and oestradiol, total cholesterol and HDL-cholesterol Plasma prolactin was determined by a heterologous double-antibody radioimmunoassay (RIA) method in the Department of Clinical Biochemistry and Nutrition, St Luke's Hospital, Guildford. Ampoules of reference preparation were obtained from the RIA Unit, St Bartholomew's Hospital, London and were used as standards. Rabbit anti-prolactin serum was obtained from Guildhay UK Ltd. Iodinated prolactin was supplied by the RIA Unit, St Bartholomew's Hospital. Internal control specimens (low, medium and high) were included at intervals in each assay as well as several carry-over specimens from previous assays.
Plasma oestradiol 17-8 was determined using a commercially purchased kit (Steranto Research Ltd), which assays oestradiol directly on 50 pl plasma samples. All determinations were carried out in duplicate and internal quality-control specimens included at intervals in the batch assay.
Plasma total cholesterol and high-density-lipaprotein (HDL)-cholesterol determinations were carried out using the method of Watson (1960) . HDL-cholesterol determinations were carried out on the supernatant fraction from plasma samples pretreated with magnesium chloride to precipitate chylomicron, very-low-density and low-density-lipoprotein fractions.
RBC membrane choline-and inositol-phospholipids RBC lipids were extracted using propan-2-01 in place of methanol. This minimizes the extraction of haem-protein which can interfere with the analysis of fatty acids (Broekhuyse, 1974) . The packed RBC were washed with saline and lysed with distilled water. Propan-2-01 was added, followed by chloroform to extract the lipids. The extract was filtered to remove the cells, washed with 0.05 M-potassium chloride and the lower organic phase collected and dried under nitrogen. Separation of individual phospholipid classes was achieved by two-stage thin-layer chromatography. Duplicate 200400 pl samples were spotted onto 0.25 mm Silica Gel 60 plates (Merck Ltd) and run initially in a solvent system of hexane-acetone (75 : 25, v/v) to separate neutral lipids and total phospholipids. The plate was then dried and run in a second solvent system of chloroform-methanol-acetic acid-water (75 : 45 : 3 : 1, by vol). This solvent system, a modification of the method of Allan & Cockcroft (1982) , was found to achieve the best separation of serine-and inositolphospholipids. The phospholipid bands were visualized in iodine vapour. Separated bands corresponding to sphingomyelin-, ethanolamine-, choline-, serine-and inositol-phospholipids were removed, the phospholipids hydrolysed, and phosphate determined by the modified method of Bartlett (1959) . Bands corresponding to the choline-and inositolphospholipids only, were removed from the other plated sample, the phospholipids hydrolysed and fatty acids methylated and subsequently analysed by gas-liquid chromatography.
Gas-liquid chromatographic analyses were carried out using a Varian 3400 instrument, utilizing a 6 mm x 1.5 m glass column packed with 10 g Silar 10 C/100 g Gas Chrom Q Mean values were significantly different from those for the pre-diet period: ** P < 0.01, *** P < 0001.
polyunsaturated fat: saturated fat.
For details of regimen, see p. 652.
(10C120 mesh). Separated fatty acids were detected using a flame-ionization detector. The initial oven temperature was 165'; this was held for 5 min and then increased to 215" at a rate of 5"jmin. The injection temperature was 250' and detector temperature 275', with a N, flow-rate of 30 ml/min. Results for individual fatty acids are expressed as a percentage of total fatty acids. Previous studies had shown precision to be acceptable for all fatty acids comprising > 1 O/ O of total; results for individual fatty acids comprising < 1 YO of total have not been presented.
Nutrient composition of weighed dietary intakes
The daily records of weighed food intake were analysed for their energy and nutrient compositions using the Compeat computer program (Lifeline Nutritional Services Ltd) which uses nutrient composition values from Paul & Southgate (1978) as a data base. Additional information on the energy and fat contents of specialized low-fat products, not included in the values of Paul & Southgate (1978) , was incorporated into the data base to allow the contribution of these products to total fat intake to be estimated.
Statistical analyses
Statistical evaluation of changes in the variables measured in subjects after 2 months on the low-fat diet were made by the use of the paired Student's t test. Differences were considered as significant at P < 0.05.
R E S U L T S
Average nutrient intakes of subjects before and at 2 months after commencement of the low-fat diet are shown in Table 1 . Fat intakes were reduced by 56% in subjects changing to the low-fat diet, so that fat intake contributed only 21 YO of energy on the low-fat diet compared with 37 % on the high-fat diet. There was a more marked reduction in the intake of saturated (65 TO) and mono-unsaturated (64 Yo) fats than polyunsaturated (45 Yo) fats, and this was reflected in a higher polyunsaturated fat: saturated fat (P: S) ratio on the lowfat diet. There was no significant change in carbohydrate or protein intake on the low-fat diet , but carbohydrate made a greater contribution to total energy intake. Fibre intake was higher, but not significantly so, on the low-fat diet. Energy intake was reduced by 28 %, and this decreased intake was entirely due to the reduction in total fat intake. Anthropometric measurements shown in Table 2 , demonstrate that the reduced energy and fat intakes of subjects on the low-fat diet resulted in a significant loss of body-weight ; that much of this weight loss represented loss of body fat is shown by the skinfold thickness and percentage body fat measurements made at the end of the dietary period. Average weight loss was 1.76 kg and average body fat loss was calculated to be 1.53 kg. The skinfold measurements show that the greatest percentage loss was on the biceps region (29 %); less marked changes were observed on the triceps (14 'XO), subscapular (1 7 Yo) and suprailiac (12 Yo) regions.
Measurements of plasma prolactin, oestradiol, total cholesterol and HDL-cholesterol are shown in Table 3 . There was no significant change in the mean prolactin concentration -20 L Fig. 1 . Percentage change in the relative proportions of erythrocyte phospholipids in women after 2 months on a low-fat diet. Values are means, with their standard errors represented by vertical bars, for thirteen subjects. * P < 0.02. PE, phosphatidylethanolamine ; PI, phosphatidylinositol ; PS, phosphatidylserine ; PC, phosphatidylcholine; SP, sphyingomyelin.
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in subjects transferring to a low-fat diet, although two subjects in whom prolactin concentrations were elevated above normal on their customary diet showed normal values on the low-fat diet. These individual changes are reflected in the smaller standard deviation around the mean for prolactin concentrations in subjects on the low-fat diet. Luteal-phase oestradiol concentrations were significantly lower following the low-fat diet ; in four subjects oestradiol concentrations decreased 100% on the low-fat diet. There was a significant reduction in total cholesterol on the low-fat diet, but HDL-cholesterol concentrations remained unchanged.
Values for the proportions of individual phospholipid classes of RBC membranes are shown in Table 4 . There was a significant increase in the percentage inositol-phospholipid content of RBC in subjects after 2 months on a low-fat diet. Percentage changes in individual phospholipids are shown in Fig. 1 , and it can be seen that the inositolphospholipid fraction showed a 40 % increase in subjects on the low-fat diet; no significant changes in other phospholipid fractions were observed. The individual fatty acid profiles of the RBC choline-and inositol-phospholipids in subjects on their customary diet, and following 2 months on the low-fat diet, are shown in Table 5 . There was no significant change in the composition of individual fatty acids in the choline-phospholipids of subjects after 2 months on the low-fat diet. There was a small, but significant, increase in the C,, : 4 content of inositol-phospholipids in subjects after 2 months on the low-fat diet. A decrease in the mean value for C,,:, was also seen, but this difference was not statistically significant.
DISCUSSION
Our study has shown no significant alteration in luteal-phase prolactin, but a small (12 Yo) decrease in oestradiol concentrations in women changing to a low-fat diet for a period of 2 months. Rose et al. (1987 a, b) observed a 50 % reduction in total oestrogens and a 60 YO reduction in bioassayable lactogenic hormone (prolactin-growth hormone) in women changing from a diet containing 35 % energy as fat, to one containing 21 % energy as fat for a period of 3 months. However, in their study a significant reduction in total oestrogens (including the oestradiol fraction) was only seen in the third month of their study, and much smaller changes were observed after 2 months on the low-fat diet. The less marked changes observed in subjects in the present study may therefore be due to the shorter period of dietary intervention. Previous studies which have shown higher faecal and lower urinary excretion of oestrogens (Armstrong et al. 1981 ; Goldin et al. 1982) , and lower plasma oestrone and oestradiol concentrations (Shultz & Leklem, 1983) 
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compared with omnivorous women, have attributed these differences to the combined effects of lower fat and higher fibre intakes in the vegetarians. In the present study dietary fibre intake was higher, but not significantly so, in subjects on the low-fat diet. It is, therefore, unlikely that increased consumption of high-fibre foods is responsible for the decrease in oestradiol concentrations.
Our study showed no effect of reduced fat intake on circulating prolactin concentrations. Previous studies have shown that the relation between dietary fat intake and prolactin is complex. Gray et al. (1981) found no significant alteration in plasma prolactin (measured by RIA) in normal premenopausal women undertaking a 50 % reduction in total fat intake for a period of 2 months, results which are entirely comparable with those found in our own study. Schultz et al. (1987) showed no difference in luteal-phase prolactin (measured by RIA) in vegetarians consuming a diet containing 28% energy as fat compared with nonvegetarians whose diet provided 38 % energy as fat. Conversely, Hill & Wynder ( I 976) reported a reduction in nocturnal prolactin concentrations in normal premenopausal women changing to a low-fat vegetarian diet from their customary diet (40 % energy as fat), and measured elevated plasma prolactin in black vegetarian South African women when they transferred from their customary diet (1 5 YO energy as fat), to a diet containing 40 % energy as fat (Hill et al. 1980) .
In the study of Rose et al. (1987b) , reported previously, serum prolactin was measured by both RIA and bioassay techniques. Lactogenic hormone bioactivity was shown to be higher in women with cystic breast disease compared with control subjects ; furthermore in sixteen women with cystic breast disease, a low-fat diet was shown to promote a 60% reduction in lactogenic hormone bioactivity. In contrast, when growth hormone and prolactin were measured by RIA, no significant differences in hormone concentrations were observed between control and cystic breast disease subjects, and no significant alterations in either prolactin or growth hormone, measured by RIA, were induced by the low-fat diet. It is clear that further investigation of the relations between dietary fat, lactogenic hormone bioactivity and prolactin are required, since elevated Iactogenic hormone concentrations have also been observed in women of families at high risk of breast cancer (Love & Rose, 1985) , and in a significant proportion of women with established breast cancer (Emerman et al. 1985) .
The reduction in fat intake achieved by subjects in our study was accompanied by a significant decline in total energy intake, and by a mean weight loss of 1.76 kg. The marked decline in total cholesterol concentrations observed in these individuals cannot, therefore, be attributed to the reduction in total fat intake alone, since weight loss itself is known to result in a fall in cholesterol concentrations. In addition, the reduction in total fat intake led to a rise in the P:S ratio from a pre-diet value of 0.38 to a value of 0.61 on the low-fat diet. Nichaman & Hamm (1987) have recently stated that the cholesterol-lowering effect of low-fat diets is largely due to alteration in the fatty acid composition, and hence P:S ratio of the diet. It is interesting to note that in the study of Rose et al. (1987a) , although the restrictions of both total fat and energy were of a similar magnitude to those in our study, there was no change in the P:S ratio in subjects transferring from their customary diet to the low-fat diet, and in their subjects there was also no change in total cholesterol concentrations over the period of investigation.
RBC-membrane phospholipids and the fatty acid compositions of the choline-and inositol-phospholipid fractions, did not show marked alterations in subjects consuming a low-fat diet for a period of 2 months. Small, but significant changes were, however, seen in both the content and fatty acid composition of the inositol-phospholipid fraction. Most studies of the phospholipid composition of human RBC have not separated the serine-and inositol-phospholipid fractions, although platelet inositol-phospholipid composition has been extensively investigated, with values between 2.7 and 11.8 % reported in the literature (Owen et al. 1981 ; Ahmed & Holub, 1984; Dougherty er al. 1987) . The pre-diet value of 6 % reported here for RBC inositol-phospholipids is in the same region as values reported for this membrane component in platelets, but higher than two previous reports for RBC inositol-phospholipids (Williams et al. 1966 ; Rogiers et al. 1980) . Following the low-fat diet there was an increase in the inositol-phospholipid component of the RBC membrane; this increase, although small, was consistently found in all subjects, and represented a 40 % increase in the inositol-phospholipid fraction. The functional significance of such a change is not known.
The fatty acid composition of inositol-phospholipids has been fairly well investigated in human platelets in recent years, but few studies have been carried out in other tissues. Rogiers el al. Williams er al. (1966) have reported values for the fatty acid composition of RBC inositol-phospholipids, although values for a number of the major fatty acids reported by these authors differ from one another and from the values found in our subjects. The most notable differences in fatty acids compared with our results were for l8:O which was higher, and 20:4 which was lower than values reported by both these authors. These differences may be attributed to age and sex effects, since the studies of Rogiers et al. (1980) were carried out on children, and that of Williams er al. (1966) on adult male subjects. These between-study differences may also reflect differences in dietary fatty acid intake in subjects in these various studies. A large number of dietary studies and studies using fatty acid supplements have shown it is possible to alter the fatty acid composition of total phospholipids and individual phospholipid fractions of RBC and platelets by dietary means (Seiss et al. 1980; Brox et al. 1981; Goodnight et al. 1981; Sanders & Roshanai, 1983) . In the present study we have investigated the effect of more subtle dietary changes on RBC choline-and inositol-phospholipid fatty acids. No significant changes in the fatty acid composition of choline-phospholipids were observed on the low-fat diet. There was, however, a significant increase in the 20:4 content of the inositol-phospholipids on this diet. The mechanism of this change is unclear, since there was no increase in dietary 20:4 intake in subjects on the low-fat diet. The increase in 20:4 content may be explained by the decreased consumption of saturated fats, which are reported to suppress the conversion of linoleic to arachidonic acid (Holman, 1977) .
Our study has shown that consumption of a low-fat diet over a period of 2 months results in an increase in total inositol-phospholipid content and an increase in the 20:4 content of inositol-phospholipid fatty acids. Although these changes were small, they occurred in response to relatively minor changes in dietary fatty acid composition, resulting from a marked reduction in total fat intake. Further investigations of the effect of alterations in total fat and the fatty acid composition of the diet on the inositol-phospholipids of various tissues would appear to be warranted. Compared with other phospholipid fractions, the fatty acid composition of the inositol-phospholipid fraction has been reported to be less responsive to changes in the fatty acid composition of the diet (Brox et al. 1981 ; Ahmed & Holub, 1984; Galloway et al. 1985) . However, animal studies (Weiner & Sprecher, 1984) , and a recent international comparison study (Dougherty et al. 1987) , suggest the phosphoinositide fraction may be more responsive to incorporation of w9 (e.g. oleic acid) than w6 or w3 fatty acids, and that failure to detect changes in the fatty acid composition of inositol-phospholipids may be due to the particular type of fatty acid supplements used in most studies to date. In view of the importance of this membrane component in hormone signal transduction, further investigation of dietary-induced changes of this phospholipid, particularly in hormone-dependent tissues such as breast tissue, would be of interest.
